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57 ABSTRACT

A system and method for simultaneous representation of a
surface profile of any given object, specially to measure the
surface proiile of teeth, comprises a light source to 1llumi-
nate the object, an optical element to focus the light signals
returning from the surface of the object, a detector to pick up
the light signals, and a processor that digitizes and further
processes the detected signals. The method enables quick,
reproducible scanning of the surface profile by using as few
devices as possible while ensuring at the same time a viable
constructive size. The method includes placing a beam
output coupler 1n the beam detection path downstream from
the optical element to simultaneously couple our the light
returning from the various image planes, the coupled-out
light being guided to the detector.

65 Claims, 7 Drawing Sheets
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POLYFOCAL REPRESENTATION OF THE
SURFACE PROFILE OF ANY GIVEN
OBJECT

BACKGROUND OF THE INVENTION

The 1nvention relates to an arrangement and to a method
for simultaneous polyfocal imaging of the surface profile of
any desired objects, 1n particular for measuring the surface
proiile of teeth, having a light source for illuminating the
object, having optics for focusing the light signals returning
from the surface of the object, having a detector which
records the light signals, and having a processor which
digitizes and further-processes the detected signals. The
invention also relates to a particular application of the
arrangement according to the invention for reading and
writing digital or binary information from an optical data
medium and, respectively, to an optical data medium.

In principle, the invention relates to an arrangement and
to a method for measuring surfaces of any type and of any
contour, to be precise using a technique known from con-
focal microscopy. Various arrangements and methods for
surface measurement are already known from practical
experience.

Thus, for example, a light section sensor can be used to
project a light line onto the object, and a CCD camera can
be used to observe it, at an angle. The geometrical defor-
mation of the light line 1s 1 this case measured. The height
differences on the object are calculated from this deforma-
tion. By shifting the object under the sensor—at right angles
to the light line—and by repeatedly measuring a profiile, the

surface shape can be measured or determined 1n a serial
manner.

The light section sensor 1s admittedly a sensor of simple
design and 1s robust, but the oblique 1llumination required
here leads to shadowing on one side of steep points. This
results in asymmetries 1in the 1maging and inaccuracies.
Furthermore, the measurements are sometimes imnaccurate or
corrupted owing to light being scattered from various
depths, for example, on at least partially transparent tooth
material.

Furthermore, it 1s also already known from practical
experience for surfaces to be scanned by means of confocal
microscopy and for this to be used to generate three-
dimensional records of the surface. For this purpose, refer-
ence 1s made, only by way of example, to J. Engelhardt and
W. Knebel 1n “Konfokale Laserscanning-Mikroskopie™

Confocal laser scanning microscopy | Physik in unserer Zeit
'Physics Today], Jan. 24, 1993, No. 2, pages 70-78 and D.

K. Hamilton and T. Wilson 1n “Three-Dimensional Surface
Measurement Using the Confocal Scanning Microscope™
Applied Physics B,27: 211-213 (1982).

Confocal microscopy 1s particularly highly suitable for
surface measurement of toothed surfaces since, according to
this method, the only structures that are 1maged are those
which are located directly 1n the focal plane of the micro-
scope objective. Measurement errors resulting from partially
fransparent tooth material are thus effectively prevented.
However, conventional confocal microscopes corresponding
to the prior art have a very considerable physical size owing
to their universal nature, so that they are not suitable for
polyfocal imaging of the surface profile of widely differing
objects, for example for measuring the surface profile of
teeth, owing to their physical size. Furthermore, conven-
fional confocal microscopes have a design that 1s too com-
plicated for numerous simple applications, such as pure
proiile measurement, and are thus much too expensive.
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2
SUMMARY OF THE INVENTION

The present invention thus comprises an arrangement for
simultaneous polyfocal imaging of the surface profile of any
desired objects, and a corresponding method, according to
which rapid and, at the same time, reproducible scanning of
the surface profile 1s possible with an equipment cost that 1s
as low as possible or 1s very low, while ensuring that the
arrangement has an acceptable physical size.

The arrangement according to the invention for simulta-
neous polyfocal imaging of the surface profile of any desired
objects, and 1n particular for measuring the surface profile of
teeth, comprises an arrangement i1ncluding a beam output
coupler, which 1s arranged 1n a detection beam path down-
stream of optics and upstream of a detector, for simulta-
neously outputting the light returning from different image
planes of the object, with the output light being supplied to
the detector.

According to the imvention, it has been identified here
that, 1n principle, it 1s possible to at the same time output,
from different 1image planes of the object, light returning
from the object via optics, with the output light being
supplied to the detector or to a plurality of detectors. The
outputting may be carried out by means of a beam output
coupler, which 1s arranged in the detection beam path
downstream of the optics and upstream of the detector and
which—as already stated—can at the same time output at a
plurality of foci of the returning light, for simultaneous
polytocal imaging of the surface profile of the object. In this
case, the object 1s simultaneously scanned in a plurality of
focal planes, with the surface profile of the object being
scanned overall.

In a particularly advantageous embodiment, the beam
output coupler 1s arranged preferably centrally 1n the detec-
fion beam path and comprises deflection means at the
respective focal points of the returning light. The deflection
means are used to output the light toward the detector or
toward the detectors. Specifically, the deflection means are
arranged 1n series, seen 1n the beam direction, in the detec-
fion beam path, with the respective front deflection means
masking out central regions of the enfire beam of the
returning light for the subsequent deflection means. Irre-
spective of this masking, the remaining light 1s still sufficient
for 1t to be possible to mask out the returning light again at
the next deflection means—in each case from another focal
plane of the object.

In the context of a first embodiment, the beam output
coupler could be designed as a translucent plate stack with
plates arranged at a predetermined angle in series in the
detection beam path and used as the deflection means. In this
case, the translucent plates could be provided, at least in
places, with a reflection layer so that, with the reflection
layers arranged 1n an appropriate manner—in series roughly
in the center of the detection beam path—the returning light
1s output from different focal planes 1n a stepped manner. In
the context of this embodiment, 1t 1s 1n any case essential for
the mndividual plates to be designed to be translucent and for
reflection and outputting to take place only at the reflection
layers provided 1n zones.

In the context of a further embodiment, the beam output
coupler could be designed as a preferably monolithic plexi-
oglass module, with integral deflection means which are
preferably arranged 1n series at a predetermined angle in the
detection beam path. Such a plexiglass module, or the
deflection means arranged integrally there, could be
machined by milling, likewise with reflection layers being
applied to the integral deflection means. These reflection
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layers reflect the returning light from different focal planes
and output the light, corresponding to the foci, toward the
detector.

It would likewise be feasible to design the beam output
coupler as a series arrangement of pin holes. The returning
light would then be masked out at, in each case, one pin hole
in the region of a focal point, and would otherwise be
reflected toward the next pin hole. The reflected element of
the light would 1n turn be masked out 1n the region of a focal
point, but would otherwise be reflected once again. A
plurality of such pin holes can be arranged to communicate
with one another, in which case it 1s possible to use mirrors
which are arranged at a predetermined angle to reflect the
respective light that 1s not output, and communicate with one
another 1n the beam path. These mirrors define the pin holes
(which are required for masking) as passages therethrough.

In the context of a further embodiment of the beam output
coupler, this beam output coupler could comprise a housing
or a light-conducting body. Both the housing and the light-
conducting body would have to be arranged with an optical
opening 1n the detection beam path of the returning light,
specifically 1n order that the returning light can enter this
optical opening. The incident light could be alternately
reflected along two mutually opposite reflection surfaces,
corresponding to the incidence angle, and be partially
masked out toward the detectors at opposite pin holes at
respective focal points—irom corresponding focal planes of
the object. The two opposite reflection surfaces could, 1n
turn, be designed as mirror surfaces with pin holes formed
therethrough.

Furthermore, it would be possible for the two opposite
reflection surfaces to be designed to be exactly parallel to
one another, 1n which case the reflection surfaces can, in
principle, be walls of the housing or surfaces of a glass body
or the like composed of solid material.

In the case of the housing or the light-conductive body,
the two opposite reflection surfaces could become more
remote from one another, that 1s, diverge, from the optical
opening 1nto the interior of the housing or body. To this
extent, the space available for propagation of the light that
has already been deflected would expand continuously or
discontinuously. One of the two reflection surfaces could 1n
this case be designed to be stepped, that 1s, to diverge from
the opposite reflection surface 1n steps. Each of the surface
clements produced in this way could 1n turn have a pin hole
or a group of pin holes for masking out at light respective
focal points.

Pin holes could likewise be provided in groups in the
opposite reflection surfaces for stmultaneous color splitting.
Suitable detectors for recording the masked-out light can be
arranged 1mmediately adjacent to the pin holes or 1n the
region of the pin holes. In this way, optical fibers, diodes or
other detectors operating on an optical principle can be
arranged on the sides of the arrangement opposite the
reflection surfaces.

In the context of a further alternative, the beam output
coupler could have a plurality of reflection surfaces arranged
at a predetermined angle to one another, communicating
with one another, and each reflection surface would have a
pin hole. The reflection surfaces could form a polygonal
arrangement overall. Once again, light 1s output at the pin
holes at the respective focal points, and the output light 1s
recorded by a detector.

The beam output coupler could likewise be designed as a
slit system having a plurality of slits located alongside one
another for parallel detection of the x- and z-coordinates of
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the returning light, so that simultaneous detection of a
plurality of 1mage points 1n a focal plane 1s possible.

Finally, optical fibers which end centrally at the respective
focal points of the returning light could be preferably
provided as the beam output coupler 1n the detection beam
path, with the optical fibers supplying the output light to a
photomultiplier. The essential feature here 1s likewise that a
light output which 1s staggered at the respective focal points
takes place 1n the beam path of the returning light, that the
output light 1s supplied to a detector, and that analog or
digital signal processing 1s connected downstream, among
other reasons also for compensating for non-linear geometry
cliects, and possibly with interpolation for increased reso-
lution.

Various detectors may be connected downstream of the
beam output coupler, such as singular detectors, detector
arrays, linear or area CCDs, diodes, photomultipliers, diode
arrangements or position-sensitive diodes etc., in which case
the beam output coupler and the detectors can be combined
from the functional point of view, as well as to form
assemblies.

If the beam output coupler and the detector are combined
in a functional manner and to form an assembly, diodes
could preferably be arranged centrally at the respective focal
points of the returning light in the detection beam path, with
these diodes operating as position-sensitive diodes owing to
the fact that they are connected 1n series.

With regard to the illumination of the object, 1t 1s advan-
tageous for polyfocal i1llumination to be used, for example
by means of high spherical aberration, zone lenses, etc. In
any case, the object 1s 1lluminated 1n a structured manner
over a focal range which can be predetermined, in which
case a laser light source may be used, for example, for
polytocal illumination. As already mentioned above, the
polytocal 1llumination can be produced by means of spheri-
cal aberration, zone lenses, holograms etc., with the light
being focused onto different focal planes. The surface itself
may be prepared on top with scattering or fluorescence
means 1n order to allow quite particular effects to be used in
the scattered or reflected light.

With regard to a method according to the invention, the
method for simultaneous polyfocal imaging of the surface
proilile of any desired objects, 1n particular for measuring the
surface proiile of teeth, may include providing an arrange-
ment having a light source for illuminating the object,
having optics for focusing the light signals returning from
the surface of the object, having a detector which records the
light signals, and having a processor which digitizes and
further-processes the detected signals.

The method according to the mnvention 1s characterized 1n
that the light returning from different image planes 1s output
from the detection beam path i1n the region downstream of
the optics and upstream of the detector, and 1n that the output
light 1s supplied to the detector, in which case the detector
may be a singular detector, a detector arrangement or
individual detectors. In the context of the present invention,
it 1s highly advantageous for the object to be 1lluminated 1n
a structured manner over a focal range which can be
predetermined and, specifically, for the light to be focused
onto different focal planes on the object. Specifically, poly-
focal 1llumination of the object can be produced by spherical
aberration, zone lenses, holograms or the like.

Finally, 1n a further manner according to the invention, the
application of an arrangement according to the invention 1s
claimed, using the method according to the invention, to be
precise for reading digital or binary information from a
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plurality of levels in a three-dimensional optical data
medium. A corresponding application 1s likewise claimed
for writing digital or binary information to a plurality of
levels 1n a three-dimensional optical data medium. In other

words, the basic principle of polyfocal microscopy 1s
intended to be used here, based on the outputting and
detection principle involved here, on the one hand, for
reading three-dimensional optical data memories, and, on
the other hand, for writing to three-dimensional optical data
memories, with the principle under discussion here being
applicable 1rrespective of the amount of energy to be sup-
plied.

BRIEF DESCRIPTION OF THE DRAWINGS

There are various options for refining and developing the
teaching of the present invention 1 an advantageous man-
ner. To this end, reference 1s made to the following expla-
nation of various exemplary embodiments of the invention,
with reference to the drawings. Preferred refinements and
developments of the teaching are also explained in general
in conjunction with the explanation of the preferred exem-
plary embodiments of the invention. In the drawings:

FIG. 1 shows a schematic illustration of a fundamental
design of an arrangement according to the invention for
simultaneous polyfocal 1maging of the surface profiile of any
desired objects,

FIG. 2 shows a schematic illustration of a plan view of the
arrangement from FIG. 1,

FIG. 3 shows a schematic illustration of an exemplary
embodiment of a beam output coupler designed as a plate
stack and having a detector array,

FIG. 4 shows a schematic 1llustration of a further exem-
plary embodiment of a beam output coupler, designed as a
monolithic plexiglass block, as well as a detector array, to be
precise 1n a side view on the left and 1n a plan view on the
right,

FIG. § shows a schematic 1llustration of a further option
for beam outputting by connecting mirrors, as well as pin
holes, together with detectors 1n series,

FIG. 6 shows a schematic illustration of a beam output
coupler having two opposite reflection surfaces,

FIG. 7 shows a schematic illustration of the subject matter
from FIG. 6, 1n plan view, of the pin holes which are used
for beam output coupling,

FIG. 8 shows a schematic illustration of a further exem-
plary embodiment of the beam output coupler as shown in
FIG. 6, but with diverging opposite reflection surfaces,

FIG. 9 shows a schematic 1llustration of a further exem-
plary embodiment of a beam output coupler having two
opposite reflection surfaces, with one of the retflection sur-
faces being stepped,

FIG. 10 shows a schematic 1llustration of a further exem-
plary embodiment of a beam output coupler having two
opposite reflection surfaces, with pin holes being provided
in groups for simultaneous color splitting,

FIG. 11 shows a schematic illustration of a further exem-
plary embodiment of a beam output coupler having reflec-
tfion surfaces 1n a polygonal arrangement,

FIG. 12 shows a schematic illustration of a beam output
coupler designed as a slit system,

FIG. 13 shows a schematic illustration of slit-by-slit
imaging of the object by means of a 2D-camera or with a
Y-scan,

FIG. 14 shows a schematic 1llustration of an exemplary
embodiment of an arrangement for polyfocal 1llumination of
the object, and
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FIG. 15 shows a schematic illustration of a further exem-
plary embodiment for polytocal 1llumination.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

FIGS. 1 and 2 show, schematically, an arrangement for
simultaneous polyfocal 1maging of the surface profile 1
(which is only indicated here) of any desired objects 2, in
which case this relates, in particular, to the measurement of
the surface profile of teeth. The arrangement comprises a
light source 3 for illuminating the object 2, optics 4 for
focusing the light signals 5 returning from the surface 1 of
the object 2, a detector 6 which records the light signals 5,
and a processor 7 which digitizes and further-processes the
detected signals.

According to the invention, a beam output coupler 9 1s
provided 1n the detection beam path 8, downstream of the
optics 4 and upstream of the detector 6, and 1s used for
simultaneously outputting the light 10 returning from dif-
ferent image planes of the object 2 and focused by the optics
4, with the output light 11 being supplied to the detector 6.

FIG. 1 furthermore shows that the beam output coupler 9
has deflection means 12, arranged centrally in the detection
beam path 8, at the respective focal points 13 of the returning
light 10. The deflection means 12 are arranged 1n series in
the deflection beam path 8, with a respective front deflection
means 12 masking out central regions of the entire beam 14
(1llustrated schematically in FIG. 2) of the returning light 10
for a subsequent deflection means 12.

FIG. 3 shows a first exemplary embodiment of a beam
output coupler 9 which can be used according to the 1inven-
tion and 1s designed, specifically, as a translucent plate stack
15 with plates 16 which are arranged at a predetermined
angle 1n series 1 the detection beam path 8 and are used as
deflection means 12. The translucent plates 16 are provided,
in places, with reflection layers 17, which are i turn
arranged 1n series 1n the detection beam path 8 and are used
for outputting the returning light 10 at the respective focal
points.

According to the illustration 1n FIG. 4, the beam output
coupler 9 1s designed as a monolithic plexiglass module 18
having integral deflection means 12 arranged at a predeter-
mined angle 1n series 1n the detection beam path 8. These
deflection means 12 are also preferably provided with a
reflection layer, which 1s not 1llustrated in FIG. 4. A detector
array 19 1s connected downstream of both the beam output
coupler 9 as shown 1n FIG. 3 and the beam output coupler
9 as shown 1n FIG. 4, in which case these may likewise be
position-sensitive diodes.

FIG. 5 shows a further exemplary embodiment of a beam
output coupler 9 which, speciiically, 1s designed as a series
arrangement of pin holes 20. The returning light 10 1s 1n this
case masked out at a pin hole 20 1n the region of a focal point
21, and 1s otherwise reflected toward the next pin hole 20.
The reflected element of the light 22 1s 1n turn masked out
in the region of a focal point 21, and 1s otherwise reflected
once again. This process can be repeated a number of times,
so that a number of masking operations take place 1n
cascaded form. According to the exemplary embodiment
chosen here, the light which 1s not output 1 each case 1s
reflected by means of mirrors 23 which communicate with
one another, and 1s 1n each case masked out at the pin hole

20 formed there.

According to FIGS. 6 to 10, the beam output coupler 9
may comprise a housing 24 or a light-conductive body
which has an optical opening 25 (which can be arranged
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centrally in the detection beam path 8) for the returning light
10, which 1s 1ncident at a specific angle. The incident light
10 1s in this case reflected alternately along two mutually
opposite reflection surfaces 26, 27, corresponding to the
incidence angle, and 1s partially masked out at opposite pin
holes 20 at the respective focal point 21 for the detectors,
which are not shown 1n FIGS. 6 to 10. A particular illustra-
fion of individual detectors has been dispensed with here
only to assist clarity.

Specifically, the two mutually opposite reflection surfaces
26, 27 arc designed as mirror surfaces with pin holes 20
formed 1n them. According to the exemplary embodiment
shown 1n FIG. 6, the two opposite reflection surfaces 26, 27
are designed to be parallel to one another. In the exemplary
embodiment 1llustrated 1n FIG. 8, only the reflection surface
27 has pin holes 20, and the two reflection surfaces 26, 27
diverge from the optical opening 25 into the interior of the
housing 24.

In the case of the exemplary embodiment illustrated in
FIG. 9, the reflection surface 26 1s designed to be stepped
and becomes more remote from the opposite reflection
surface 27 from the optical opening 25 mnto the interior of the
housing 24, 1n which case, once again, only the reflection
surface 27 has pin holes 20.

In the case of the exemplary embodiment shown in FIG.
10, pin holes 20 are provided 1n groups, for simultancous
color splitting, in the opposite reflection surfaces 26, 27.

According to the illustration 1n FIG. 11, the beam output
coupler 9 1s designed 1n the sense of a polygonal arrange-
ment; specifically, it has a plurality of reflection surfaces 26
which are arranged at a predetermined angle to one another
and communicate with one another, and 1n which pin holes
20 are once again formed. Light which 1s not masked out 1s
reflected on the reflection surfaces 26 and passes, as the
reflecting element of the light 22, to the respective next pin

hole 20.

A further exemplary embodiment of a beam output cou-
pler 9 1s shown 1n FIG. 12. Specifically, this beam output
coupler 9 1s designed as a slit system having a plurality of
slits 28, located alongside one another, for parallel detection
of the x- and z-coordinates of the returning light, so that
simultaneous detection of a plurality of 1mage points 1n one
focal plane 1s possible.

FIG. 13 shows a corresponding 1llustration of the slits 28
by means of a 2D-camera 1n real-time profile measurements,
in which case such an arrangement may also be produced
using a Y-scan. A three-dimensional data record can be
produced with 50 cuts per second (video) in about one
second.

Finally, FIGS. 14 and 15 relate to the polyfocal i1llumi-

nation of the object 2, for which purpose a laser light source
may be provided. In any case, the polyfocal 1llumination can
be achieved, for example, by means of a zone lens 29 (which
is only indicated in FIG. 14), in which case the light is
focused onto various focal planes 30. FIG. 15 likewise
relates to the possibility of polyfocal illumination, 1n which
the light 1s focused onto various focal planes 30 for struc-
tured 1llumination, to be precise by means of a multiple
reflection plate 31, by which means a plurality of focal
points 1n a plurality of focal planes 30 are likewise achieved.

With regard to the applications (which are likewise
claimed) of the arrangement discussed above, reference is
made to the general description, in order to avoid repetitions.
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List of reference symbols

1 Surface profile, surface
2 Object
3 Light source
4 Optics
5 Returning light signal
6 Detector
7 Processor
3 Detection beam path
9 Beam output coupler
10 Focused, returning light
11 Output light
12 Deflection means
13 Focal point of the returning light
14 Entire beam (FIG. 2)
15 Plate stack
16 Plate
17 Reflection layer
18 Plexiglass module
19 Detector array
20 Pin hole
21 Focal point
22 Reflected element of the light
23 Mirror
24 Housing
25 Optical opening
26 Reflection surface
27 Reflection surface
28 Slit
29 Zone lens
30 Focal plane
31 Multiple reflection plate

What 1s claimed 1s:
1. A system for the simultaneous polyfocal imaging of a
surface profile of any object, comprising:

a light source for i1lluminating the object;

at least one optical element for focusing light signals
returning from the surface of the object;

a detector for detecting the light signals;

a processor for digitizing and processing the detected light
signals; and

a beam output coupler for simultaneously separating light
returning from different 1mage planes of the object and
feeding the separated light to the detector, the beam
output coupler being arranged 1n a detection beam path
downstream of the optical element, the beam output
coupler being configured as an arrangement of at least
two pin holes 1n series,

wherein the beam output coupler defines a first pin hole
located at a first focal point and a second pin hole
located next 1n the series at a second focal point, and
wherein a first portion of the light returning from the

different image planes 1s masked out at the first pin hole
and the light remaining 1s reflected to the second pin

hole, and

wherein a portion of the reflected light 1s masked out at

the second pin hole and the light remaining 1s reflected.

2. Asystem according to claim 1, wherein the beam output
coupler comprises at least two mirrors, one defining the first
pin hole and the other defining the second pin hole, the
mirrors being arranged at a predetermined angle relative to
cach other to reflect light that has not been masked out at the
one mirror by the first pin hole to the other mirror.

3. A system according to claim 1, wherein the detector
comprises a detector array positioned downstream of the
beam output coupler.

4. A system according to claim 1, wherein the detector
comprises diodes positioned downstream of the beam output
coupler.
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5. A system according to claim 1, wherein the detector
comprises diodes provided at the first and second focal
points of the returning light, the diodes operating as
position-sensitive diodes.

6. A system according to claim 1, wherein the light source
illuminates the object over a predetermined focal range.

7. A system according to claim 1, wherein the light source
comprises a laser light source.

8. A system according to claim 1, wherein polyfocal
illumination 1s produced by at least one of spherical
aberration, zone lenses, and holograms, wherein light 1s
focused on different focal planes.

9. A system for the stmultaneous polyfocal 1imaging of a
surface profile of any object, comprising:

a light source for illuminating the object;

at least one optical element for focusing light signals

returning from the surface of the object;

a detector for detecting the light signals;

a processor for digitizing and processing the detected light

signals; and

a beam output coupler for simultaneously separating light

returning from different image planes of the object and
feeding the separated light to the detector, the beam
output coupler being arranged 1n the detection beam
path downstream of the optical element, the beam
output coupler being configured as an arrangement of
pin holes 1n series, each located at a focal point, a
portion of the light returning from the different 1mage
planes being masked out at a pin hole located at the
focal point of that portion of the light, and the light
remaining being reflected to the next-in-series pin hole.

10. A system according to claim 9, wherein the beam
output coupler comprises mirrors, each mirror defining one
of the pin holes, the mirrors being arranged at predetermined
angles relative to each other to reflect light that has not been
masked out at one mirror by a respective pin hole to another
mirror located next in the series.

11. A system according to claim 9, wherein the detector
comprises a plurality of detectors, each associated with a
respective one of the pin holes for detecting the light that 1s
masked out by the respective pin hole.

12. A system according to claim 9, wherein the detector
comprises diodes provided at respective focal points of the
returning light, the diodes operating as position-sensitive
diodes.

13. A system according to claim 9, wherein the light
source 1lluminates the object over a predetermined focal
range.

14. A system according to claim 9, wherein the light
source comprises a laser light source.

15. A system according to claim 9, wherein polyfocal
illumination 1s produced by at least one of spherical
aberration, zone lenses, and holograms, wherein light 1s
focused on different focal planes.

16. A system according to claim 9, wherein the beam
output coupler includes optical fibers that terminate at
respective focal points of the returning light.

17. A system according to claim 9, wherein the optical
fibers supply output light to a photomultiplier.

18. A system for the simultaneous polyfocal 1imaging of
the surface profile of any object, comprising:

a light source for 1lluminating the object;

at least one optical element for focusing light signals
returning from the surface of the object;

a detector for detecting the light signals;

a processor for digitizing and processing the detected light
signals; and
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a beam output coupler for simultaneously separating light
returning from different image planes of the object and
feeding the separated light to the detector, the beam
output coupler being arranged 1n the detection beam
path downstream of the optical element, the beam
output coupler comprising a housing having two
opposed reflection surfaces and an optical opening
located 1n the detection beam path of the returning
light,

wherein the returning light 1s alternately reflected, accord-
ing to an angle of incidence of the returning light, along

the two opposed reflection surfaces, each defining at

least one pin hole therethrough located at a respective

focal point of the returning light for masking out a

portion of the returning light associated with the
respective focal point.

19. A system according to claim 18, wheremn the two
opposed reflection surfaces are mirror surfaces.

20. A system according to claim 18, wherein the two
opposed reflection surfaces are parallel to one another.

21. A system according to claim 18, wherein the two
opposed reflection surfaces diverge from each other 1n a
direction from the optical opening to an interior of the
housing.

22. A system according to claim 18, wherein one of the
two opposed reflection surfaces has a stepped configuration
and becomes more remote from the other of the two opposed
reflection surfaces 1n a direction from the optical opening to
an 1nterior of the housing.

23. Asystem according to claim 22, wherein the one of the
two opposed reflection surfaces has a pin hole 1 each
stepped segment.

24. A system according to claim 18, wherein the two
opposed reflection surfaces each have a plurality of pin
holes, and the pin holes are grouped for stmultaneous color
splitting.

25. A system according to claim 18, wherein the beam
output coupler includes optical fibers that terminate at
respective focal points of the returning light.

26. A system according to claim 25, wherein the optical
fibers supply output light to a photomultiplier.

27. A system according to claim 18, wherein the housing
comprises a light-conducting body.

28. A system according to claim 18, wherein the optical
opening 1s disposed centrally 1n the detection beam path.

29. A system according to claim 18, wherein the pin holes
in the two opposed reflection surfaces are located opposite
cach other.

30. A system according to claim 18, wherein the detector
comprises a detector array positioned downstream of the
beam output coupler.

31. A system according to claim 18, wherein the detector
comprises diodes positioned downstream of the beam output
coupler.

32. A system according to claim 18, wherein the detector
comprises diodes provided at respective focal points of the
returning light, the diodes operating as position-sensitive
diodes.

33. A system according to claim 18, wherein the light
source 1lluminates the object over a predetermined focal
range.

34. A system according to claim 18, wherein the light
source comprises a laser light source.

35. A system according to claim 18, wherein polyfocal
illumination 1s produced by at least one of spherical
aberration, zone lenses, and holograms, wherein light 1s
focused on different focal planes.
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36. A system for the simultaneous polyfocal 1imaging of a
surface profile of any object, comprising:

a light source for 1lluminating the object;

at least one optical element for focusing light signals
returning {rom the surface of the object;

a detector for detecting the light signals;

a processor for digitizing and processing the detected light

signals; and

a beam output coupler for simultaneously separating light

returning from different image planes of the object and
feeding the separated light to the detector, the beam
output coupler being arranged 1n the detection beam
path downstream of the optical element, the beam
output coupler having a polygonal shape and a plurality
of reflecting surfaces arranged at predetermined angles
relative to one another, each of the reflecting surfaces
having at least one pin hole.

J7. A system according to claim 36, wherein the beam
output coupler includes optical fibers that terminate at
respective focal points of the returning light.

38. A system according to claim 37, wherein the optical
fibers supply output light to a photomultiplier.

39. A system according to claim 36, wherein the detector
comprises a detector array positioned downstream of the
beam output coupler.

40. A system according to claim 36, wherein the detector
comprises diodes positioned downstream of the beam output
coupler.

41. A system according to claim 36, wherein the detector
comprises diodes provided at respective focal points of the
returning light, the diodes operating as position-sensitive
diodes.

42. A system according to claam 36, wherein the light
source 1lluminates the object over a predetermined focal
range.

43. A system according to claam 36, wherein the light
source comprises a laser light source.

44. A system according to claim 36, wherein polyfocal
illumination 1s produced by at least one of spherical
aberration, zone lenses, and holograms, wherein light 1s
focused on different focal planes.

45. A system for the simultaneous polyfocal imaging of a
surface profile of any object, comprising:

a light source for i1lluminating the object;

at least one optical element for focusing light signals
returning from the surface of the object;

a detector for detecting the light signals;

a processor for digitizing and processing the detected light

signals; and

a beam output coupler for simultaneously separating light

returning from different image planes of the object and
feeding the separated light to the detector, the beam
output coupler being arranged 1n the detection beam
path downstream of the optical element, the beam
output coupler defining a plurality of slits located
alongside one another for parallel detection of x- and
z-coordinates of the returning light to permit simulta-
neous detection of several image points in one focal
plane.

46. A system according to claim 45, wherein the beam
output coupler includes optical fibers that terminate at
respective focal points of the returning light.

47. A system according to claim 45, wherein the optical
fibers supply output light to a photomultiplier.

48. A system according to claim 45, wherein the detector
comprises a detector array positioned downstream of the
beam output coupler.
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49. A system according to claim 45, wherein the detector
comprises diodes positioned downstream of the beam output
coupler.

50. A system according to claim 45, wherein the detector
comprises diodes provided at respective focal points of the
returning light, the diodes operating as position-sensitive
diodes.

51. A system according to claim 45, wherein the light
source 1lluminates the object over a predetermined focal
range.

52. A system according to claim 45, wherein the light
source comprises a laser light source.

53. A system according to claim 45, wherein polyfocal
illummation 1s produced by at least one of spherical
aberration, zone lenses, and holograms, wherein light 1s
focused on different focal planes.

54. A method for stmultaneous polyfocal imaging of the
surface profile of any desired objects, comprises:

providing an arrangement including a light source for
illuminating the object, at least one optical element for
focusing light signals returning from the surface of the
object, a detector for detecting the light signals, a
processor for digitizing and processing the detected
light signals, and a beam output coupler for simulta-
neously separating light returning from different image
planes of the object and feeding the separated light to
the detector, the beam output coupler being arranged 1n
the detection beam path downstream of the optical
clement, the beam output coupler being configured as
an arrangement of pin holes 1n series, each located at a
focal point, a portion of the light returning from the
different 1mage planes being masked out at a pin hole
located at the focal point of that portion of the light, and
the light remaining being reflected to the next-in-series
pin hole;

outputting from the detection beam path the light return-
ing from different image planes in a region downstream
of the optics and upstream of the detector; and

supplying the output light to the detector.

55. A method according to claims 54, further comprising,
reading digital or binary information from a plurality of
levels 1n a three-dimensional optical data medium.

56. A method according to claim 54, further comprising
writing digital or binary information from a plurality of
levels 1n a three-dimensional optical data medium.

57. A method for simultaneous polyfocal imaging of the
surface profile of any desired objects, comprises:

providing an arrangement including a light source for
illuminating the object, at least one optical element for
focusing light signals returning from the surface of the
object, a detector for detecting the light signals, a
processor for digitizing and processing the detected
light signals, and a beam output coupler for simulta-
neously separating light returning from different image
planes of the object and feeding the separated light to
the detector, the beam output coupler being arranged 1n
the detection beam path downstream of the optical
clement, the beam output coupler comprising a housing
having two opposed reflection surfaces and an optical
opening located 1n the detection beam path of the
returning light,

wherein the returning light 1s alternately reflected, accord-

ing to an angle of incidence of the returning light, along
the two opposed reflection surfaces, each defining at
least one pin hole therethrough located at a respective
focal point of the returning light for masking out a
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portion of the returning light associated with the
respective focal point;

outputting from the detection beam path the light return-
ing from different image planes 1n a region downstream
of the optics and upstream of the detector; and

supplying the output light to the detector.

58. A method according to claim 57, further comprising,
reading digital or binary information from a plurality of
levels 1 a three-dimensional optical data medium.

59. A method according to claim 57, further comprising,
writing digital or binary information from a plurality of
levels 1n a three-dimensional optical data medium.

60. A method for simultaneous polyfocal imaging of the
surface proiile of any desired objects, comprises:

providing an arrangement including a light source for
illuminating the object, at least one optical element for
focusing light signals returning from the surface of the
object, a detector for detecting the light signals, a
processor for digitizing and processing the detected
light signals, and a beam output coupler for simulta-
neously separating light returning from different image
planes of the object and feeding the separated light to
the detector, the beam output coupler being arranged 1n
the detection beam path downstream of the optical
clement, the beam output coupler having a polygonal
shape and a plurality of reflecting surfaces arranged at
a predetermined angle relative to one another, each of

the retlecting surfaces having at least one pin hole;

outputting from the detection beam path the light return-
ing from different image planes 1n a region downstream
of the optics and upstream of the detector; and

supplying the output light to the detector.

61. A method according to claim 60, further comprising
reading digital or binary information from a plurality of
levels 1 a three-dimensional optical data medium.
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62. A method according to claam 60, further comprising
writing digital or binary information from a plurality of
levels 1 a three-dimensional optical data medium.

63. A method for simultaneous polyfocal imaging of the
surface profile of any desired objects, comprises:

providing an arrangement including a light source for
illuminating the object, at least one optical element for
focusing light signals returning from the surface of the
object, a detector for detecting the light signals, a
processor for digitizing and processing the detected
light signals, and a beam output coupler for simulta-
neously separating light returning from different image
planes of the object and feeding the separated light to
the detector, the beam output coupler being arranged 1n
the detection beam path downstream of the optical
clement, the beam output coupler defining a plurality of
slits located alongside one another for parallel detection
of x- and z-coordinates of the returning light to permait
simultaneous detection of several 1mage points 1n one
focal plane;

outputting from the detection beam path the light return-
ing from different image planes in a region downstream
of the optics and upstream of the detector; and

supplying the output light to the detector.

64. A method according to claim 63, further comprising
reading digital or binary information from a plurality of
levels 1n a three-dimensional optical data medium.

65. A method according to claim 63, further comprising

writing digital or binary information from a plurality of
levels 1n a three-dimensional optical data medium.
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